The presence of peripheral fat mass (PFM) appears to counteract the atherogenic trends of central fat mass through mechanisms presently poorly understood. In elderly women with distinct forms of body fat distribution, we wanted to study whether physical activity and aortic calcification are related to plasma levels of cortisol, 17-a-hydroxyprogesterone (17-a-OHP), dehydroepiandrosterone (DHEA), androstenedione (ASD), and interleukin 6 (IL6) accomplishing an antiatherogenic milieu. A total of 276 well-defined generally healthy women aged 60-85 years were included. Categorization of body fat distribution was based on the relative presence of central to PFM measured by dual-energy X-ray absorptiometry. Women meticulously reported weekly physical activity. Outcome measures were aortic calcification between lumbar vertebra L1 and L4, plasma levels of hormones, and IL6. In peripheral adipose women, plasma DHEA and ASD increased with the degree of physical activity. This was also mirrored in the ratios of cortisol/ DHEA and cortisol/17-a-OHP. Peripheral adipose women with high DHEA relative to cortisol had less severe aortic calcification, and in the same group a higher level of physical activity was associated with lower levels of plasma IL6. In conclusion, this study demonstrates that high physical activity is associated with a high circulating androgen to cortisol ratio, low IL6, and less severe aortic calcification. Since androgens inhibit IL6 secretion, the activity-induced increase of these hormones might be an anti-atherogenic signal.
Introduction
The insulin resistance syndrome is an established risk factor for macrovascular disease and type 2 diabetes, two important health problems among the elderly (more than 65 years; Raji & Plutzky 2002 , Grant & Meigs 2004 . The presence of insulin resistance syndrome is a function of body fat distribution rather than body mass index (BMI; Tanko et al. 2003) . It has been demonstrated that peripheral adiposity confers protection against diabetes and atherosclerosis in elderly people (Tanko et al. 2003 . This protective association is mediated through mechanisms involving insulin sensitization, which was not observed in central adipose women with a low percentage of peripheral fat mass (PFM; Tanko et al. 2003) . Factors of this protective association are gradually being discovered but still remain poorly understood (Tanko et al. 2004) . The role of hormonal factors might be important because different response patterns to hormonal stimuli with an increased hypothalamic-pituitaryadrenal axis activity have been discovered in peripheral versus central adipose people (Vicennati & Pasquali 2000) .
Apart from cortisol, androgens have been linked to atherogenesis and insulin resistance (Nestler et al. 1992 , Hautanen et al. 1994 , Phillips et al. 1997 . However, the relation between androgens, particularly dehydroepiandrosterone (DHEA), and atherosclerosis still remains an open question (Wu & von 2003) . Since adrenal androgens such as DHEA and androstenedione (ASD) are able to inhibit proinflammatory cytokines from different cell types such as leukocytes (Straub et al. 1998 , Kipper-Galperin et al. 1999 , Gordon et al. 2001 , Kim et al. 2006 , inclusion of cytokines such as interleukin 6 (IL6) might be an additional important cofactor that determines the role of androgens in obesityrelated atherosclerosis and insulin resistance syndrome. In addition, the level of physical activity also determines the risk for atherosclerosis and insulin resistance syndrome (Laukkanen et al. 2002 , Tanko et al. 2003 . However, the complex interactions between level of physical activity, body fat distribution, adrenal androgens, and IL6 have not been investigated in a systematic manner.
Therefore, the purpose of this study was to investigate associations of self-reported physical activity with plasma levels of cortisol, adrenal androgens, and IL6 in postmenopausal women with distinct forms of body fat distribution.
Patients and methods

Subjects and blood samples
The study population consisted of 276 well-defined generally healthy women, 60-85 years old, who were selected from a large population-based cohort based on their distinct forms of body fat distribution. The method of selection has been described earlier in detail (Tanko et al. 2003) . Briefly, central fat mass (sum of s.c. and visceral fat mass of the trunk) and PFM (fat mass of legs and arms) of the entire cohort (nZ1356 subjects) were measured by dual-energy X-ray absorptiometry (Hologic QDR4500). Fat deposits were expressed as the percentage of total body soft tissue mass and were scored on a scale from 1 to 4 (1: !25th; 2: 25 to 50th; 3: 50 to 75th; and 4: O75th percentile). Scores could be combined in 4!4 ways, of which 1 to 1 indicated lean women; 1 to 4, women with peripheral obesity; 4 to 1, women with central obesity; and 4 to 4, women with general obesity (Tanko et al. 2003) . Women with ongoing hormone replacement therapy (nZ10) were excluded from further analyses. All participants signed an approved consent form, and the study was carried out in accordance with the Helsinki Declarations. The Ethics Committee of Copenhagen County, Denmark, approved the study protocol.
Information about traditional cardiovascular factors were recorded: BMI, blood pressure, smoking habits, daily coffee consumption, regular alcohol consumption, and weekly physical activities of at least 1 h duration per occasion (1, none; 2, once; 3, twice; 4, more than twice). Insulin resistance was estimated by the homeostasis model assessment of insulin resistance (HOMA IR ) index (fasting insulin (mU/ml)! fasting glucose (mmol/l)) divided by 22 . 5). All analyses were performed on plasma samples from fasting subjects taken between 0800 and 1000 h. The basic characteristics of the patients are given in Supplementary Table 1, see Supplementary data in the online of version of the Journal of Endocrinology at http://joe.endocrinology-journals.org/ content/vol199/issue1/.
Aortic calcification
Aorta calcification is a direct surrogate of the atherosclerotic burden and an independent predictor of cardiovascular mortality in postmenopausal women (Wilson et al. 2001 , Tanko et al. 2003 . The severity of aorta calcification was graded using a semi-quantitative scoring system first introduced by the Framingham study group (Kauppila et al. 1997) . Briefly, calcified deposits in the lumbar aorta adjacent to each lumbar vertebra between L1 and L4 were assessed separately for the anterior and posterior wall of the aorta using the midpoint of the intervertebral space as the boundary. Each wall of each segment was graded for the presence of calcified deposits with a score from 0 to 3 (0: no deposits, 1: less than 1/3 of the aortic wall, 2: 1/3 to 2/3 of the aortic wall, 3: more than 2/3 of the aortic wall covered with calcified deposits). The sum of the scores of individual aortic segments both for the anterior and posterior walls, termed as anterior-posterior severity score, was used to describe the overall severity of vascular calcification in the lumbar aorta. The maximum score possibly given was 4!2!3Z24. The same investigator, who was blinded for all other results of the individual participants, carried out the image scoring. Intrarater correlations were in the range of rZ0 . 92-0 . 98, similar to published results (Kauppila et al. 1997) .
Laboratory parameters (adrenal steroids and IL6)
Several adrenal hormones were considered in order to detect major adrenal pathways of steroidogenesis (Fig. 1A) . We used radioimmunometric assays for the quantitative determination of plasma levels of cortisol (Coulter Immunotech, Marseilles, France; detection limit: 10 nmol/l). Plasma levels of 17-a-hydroxyprogesterone (IBL, Hamburg, Germany; detection limit: 0 . 3 nmol/l), DHEA (Diagnostic Systems Laboratory, Webster, TX, USA; detection limit: 0 . 13 nmol/l), and ASD (IBL; detection limit: 0 . 3 nmol/l) were measured by means of immunometric enzyme immunoassays. Plasma levels of IL6 (high sensitivity Quantikine, R&D Systems, Minneapolis, MN, USA; detection limit: 0 . 2 pg/ml) were measured using the same technique. Intraassay and interassay coefficients of variation for all above-mentioned tests were below 10%.
Calculation of hormone/hormone ratios
In order to demonstrate the shift from one hormone to another hormone (compare Fig. 1A ), the molar ratio of these hormones was calculated (given without unit, similar as compared with refs (Anderson & Yen 1976 , Barone et al. 1979 ). This procedure detects a hormonal shift through one or more enzyme steps, which can demonstrate a preponderance of a certain hormonal pathway: cortisol/17-a-hydroxyprogesterone (17-a-OHP) for the pathway through CYP21A1P and CYP11B1 into the direction of cortisol, ASD/17-a-OHP for the 17,20lyase (second reaction of the CYP17A1) into the direction of ASD, ASD/DHEA for the hydroxy-d-5-steroid dehydrogenase, 3b-and steroid d-isomerase 1 (HSD3B1) into the direction of ASD, and cortisol/DHEA for the combined pathway through CYP21A1P, CYP11B1, 17,20lyase (second reaction of the CYP17A1), and the HSD3B1 into the direction of cortisol.
Statistical analysis
All results shown are meanGS.E.M. Comparison of group medians was carried out using the non-parametrical MannWhitney U test for ranked data (SPSS/PC for Windows, A line with a bar at the end represents an inhibitory influence whereas a line with an arrow indicates a stimulatory influence. The target hormones are cortisol, 17-a-hydroxyprogesterone, dehydroepiandrosterone (DHEA), and androstenedione. Abbreviations: HSD3B1, hydroxy-d-5-steroid dehydrogenase, 3 b-and steroid d-isomerase 1; DHEAS, DHEA sulfate; DST, DHEA sulfotransferase; CYP11B1, cytochrome P450, family 11, subfamily B, polypeptide 1; CYP17A1, cytochrome P450, family 17, subfamily A, polypeptide 1 and the 17/20-lyase; CYP21A1P, cytochrome P450, family 21, subfamily A, polypeptide 1 pseudogene; CYP11A1, cytochrome P450, family 11, subfamily A, polypeptide 1; ST, sulfatase; STAR, steroidogenic acute regulatory protein. (B) Relation between physical activity and body mass index in different obesity groups. Data are given as a black circle for every patient and as box plots with the 10th, 25th, 50th (median), 75th, and 90th percentile. If a significant relation existed, this is indicated by the Spearman rank correlation coefficient and its P value. The line in the figure represents the linear regression line. Weekly physical activities are defined as follows: self-reported physical activity of at least 1 h duration per occasion (1: none/week, 2: once/week, 3: twice/week, 4: more than twice/week).
V.12.0, SPSS, Inc., Chicago, IL, USA). Comparisons of several group medians were done with the Kruskal-Wallis test. Spearman rank correlation analysis was used to test the interrelation between two selected variables. Spearman rank correlation was used in order to minimize the effect of outliers. Differences were considered statistically significant, if P!0 . 05.
Results
BMI and HOMA IR index in different obesity and physical activity groups
Lean women with higher physical activity demonstrated increased BMI (Fig. 1B) . Such an interrelation between physical activity and BMI was not observed in peripheral adipose, central adipose, and general obese women (Fig. 1B) . From Fig. 1B , it is obvious that the median BMI was lowest in lean women followed by peripheral, central, and general obese women (P!0 . 001 for the overall comparison, see also Supplementary Table 1 ). In addition, lean women demonstrated a low HOMA IR index, which was similar in peripheral obese women but markedly higher in central and general obese women (P!0 . 001 for the overall comparison,
Supplementary Table 1).
Plasma levels of cortisol, 17-a-OHP, DHEA, and ASD in different obesity and physical activity groups
In the various groups, physical activity was neither related to plasma levels of cortisol nor to 17-a-OHP ( Fig. 2A and B) . However, the groups were different in plasma cortisol with highest values in peripheral adipose women followed by lean women, central adipose, or general obese women (369G39 vs 342G23 vs 318G34 vs 270G18 nmol/l, PZ0 . 035 for the overall comparison). Similarly, plasma 17-a-OHP was highest in peripheral adipose women followed by lean women, central adipose, and general obese women (3 . 0G1 . 5 vs 1 . 4G 0 . 1 vs 1 . 4G0 . 1 vs 1 . 2G0 . 1 nmol/l, PZ0 . 004 for the overall comparison). This indicates that peripheral adipose women in comparison to other groups demonstrate a somewhat activated adrenal cortex.
In peripheral adipose women, physical activity was related to plasma levels of DHEA and ASD (Fig. 3A and B) . Women with the highest physical activity demonstrated the highest plasma levels of these two hormones (Fig. 3A and B) . A similar interrelation was not observed in the other groups ( Fig. 3A and  B ). An overall comparison of all groups did not show a difference in plasma levels of DHEA and ASD (data not shown).
Molar hormone ratios in different obesity and physical activity groups
In order to demonstrate the predominance of an adrenal pathway, molar hormone ratios were analyzed. In peripheral adipose women, physical activity was negatively correlated with the ratio of plasma cortisol/plasma DHEA and plasma cortisol/plasma 17-a-OHP (Fig. 4A and B) . A similar interrelation was not observed in the other study groups ( Fig. 4A and B) . This indicates that in peripheral adipose women with high physical activity, the steroid hormone pathway is shifted to adrenal androgens and their precursor 17-a-OHP.
In order to better define the responsible enzyme step, we calculated the molar ratio ASD/17-a-OHP for the 17,20lyase (second reaction of the CYP17A1, Fig. 1A ) and the molar ratio of ASD/DHEA for the HSD3B1 (Fig. 1A) . In neither of the groups were these two ratios related to physical activity (data not shown). In addition, these two ratios were not different between groups (data not shown).
Molar hormone ratio of cortisol/DHEA and aortic calcification
Since the ratio of plasma cortisol/plasma DHEA was low in peripheral adipose women with high physical activity, the interrelation between this particular ratio and aortic calcification was studied. It turned out that aortic calcification was related to elevated cortisol serum levels in relation to serum DHEA (Fig. 5A ). This interesting phenomenon was only observed in peripheral adipose women (Fig. 5A) . In other words, the higher the adrenal androgen in relation to cortisol the less was the severity of aortic calcification. 
Plasma levels of IL6 in different obesity and physical activity groups
Since IL6 interferes with adrenal steroid hormone production (Ehrhart-Bornstein et al. 1998), it has been speculated to be involved as a mediator of physiological responses to exercise and obesity. In peripherally adipose women, physical activity was negatively correlated with plasma IL6 concentrations (Fig. 5B) . Women with the highest physical activity demonstrated the lowest IL6 concentration. A similar interrelation was not observed in the other study groups. As expected, lean women demonstrated the lowest circulating IL6 concentration followed by peripheral adipose, central adipose, and general obese women (2 . 16G0 . 17 vs 2 . 32G 0 . 22 vs 2 . 73G0 . 38 vs 3 . 52G0 . 29, P!0 . 001).
Discussion
Distribution of body fat is an important factor in determining the risk for the insulin resistance syndrome and its sequelae to which peripheral adiposity confers protection (Tanko et al. 2003 . Distinction between peripheral versus central obesity in determining risk factors is based on epidemiological data but pathophysiologically relevant mechanisms are only partly identified. For the first time, this study integrated four different co-factors that all modulate insulin resistance and obesity-related illnesses: 1) physical activity, 2) fat distribution, 3) adrenal androgens, and 4) IL6 plasma levels. This study demonstrates that only in peripheral adipose elderly women, we can demonstrate a direct association between physical activity and increased circulating levels of adrenal androgens (in relation to cortisol), decreased plasma levels of IL6, and less severe aortic calcification. This clearly indicates that distinction of different states of adiposity need to be taken into account in the pathophysiology of obesity-related diseases.
As early as in 1986, the link between acute intense exercise and elevated serum levels of DHEA was reported in men (Cumming et al. 1986) , which was later confirmed in women using DHEAS as a readout parameter (Keizer et al. 1987) . Generally, it is important to distinguish between an exerciseinduced increase of serum DHEA in contrast to serum DHEAS because the activity of the sulfatase or DHEA sulfotransferase might be affected by training or by an altered Figure 3 (A) Relation between physical activity and plasma levels of DHEA and (B) androstenedione. In both parts of this figure, data are given as a black circle for every patient and as box plots with the 10th, 25th, 50th (median), 75th, and 90th percentile. The line in the figure represents the linear regression line. Different degrees of physical activity are defined in legend to Fig. 1 . If a significant relation existed, this is indicated by the Spearman rank correlation coefficient and its P value. In addition, the P value for the comparison of lean versus general obese women is given. Abbreviations: DHEA, dehydroepiandrosterone. Figure 4 (A) Relation between physical activity and molar ratios of plasma cortisol/plasma DHEA and (B) plasma cortisol/plasma 17-ahydroxyprogesterone. Data are given as a black circle for every patient and as box plots with the 10th, 25th, 50th (median), 75th, and 90th percentile. The line in the figure represents the linear regression line. Different degrees of physical activity are defined in legend to Fig. 1 . If a significant relation existed, this is indicated by the Spearman rank correlation coefficient and its P value. In addition, the P value for the comparison of lean versus general obese women is given. Abbreviations: 17-a-OH-progesterone, 17-a-hydroxyprogesterone; DHEA, dehydroepiandrosterone. sympathetic activity (Kizildere et al. 2003 ). An increase of DHEA is less pronounced in elderly people after exercise (Malarkey et al. 1993) . However, findings of increased DHEA after exercise was not found in other studies in elderly women (Hersey et al. 1994 , Milani et al. 1995 , Abbasi et al. 1998 , Hakkinen et al. 2000 . Our present study indicates, that the discrepant findings might be explained by differences in body fat distribution, because only peripheral adipose women demonstrated the positive association between physical activity and plasma levels of DHEA and ASD. Body fat distribution has not been considered in the aforementioned exercise studies and, hence, stratification according to this important cofactor was not performed. It is presently unclear why exercise is able to increase plasma levels of DHEA and ASD but a feedback cross talk with exercise-induced IL6 secretion might play a role.
The impact of exercise on plasma IL6 is biphasic characterized by an acute increase and longer term decrease: thus, strenuous exercise increases serum levels of IL6 (Pedersen et al. 2001) , which might be an important factor to stimulate the adrenal production of cortisol and adrenal androgens (Fig. 1A) . However, it has been shown that long term increase in exercise reduces plasma IL6 levels in postmenopausal obese women (Ryan & Nicklas 2004) . Ryan et al. proposed the existence of a causal link between IL6 mediated low grade inflammation and insulin resistance as IL6 was an independent predictor of insulin sensitivity. Thus, muscle-derived IL6 might be considered as a secreted hormone supporting the adrenal cortex (Pedersen et al. 2001) . On the other hand, adrenal androgens such as DHEA and ASD inhibit secretion of IL6 (Straub et al. 1998 , Kipper-Galperin et al. 1999 , Gordon et al. 2001 , Kim et al. 2006 . These two elements might be viewed as a negative feedback hormonal loop. It is interesting that such a negative feedback cross talk during long-term exercise can lead to lower levels of IL6 (our study in peripheral obese women and refs (Colbert et al. 2004 , Jankord & Jemiolo 2004 , Kohut et al. 2006 ). Such mechanism could in part explain the decrease in IL6 plasma levels often associated with continued elevation of exercise levels. However, the accompanying increase in skeletal muscle IL6 receptor expression seen in subjects improving aerobic capacity as a consequence of elevated exercise could also explain a compensatory decrease in plasma IL6 as the simple consequence of improved muscle IL6 sensitivity (Keller et al. 2005) . We propose that continuous long-term exercise gradually increases adrenal androgens, which then might exert an inhibitory influence on IL6 secretion from leukocytes, myocytes, and other sources. In elderly people between 70 and 79 years, self-reported levels of physical activity is inversely correlated with plasma levels of IL6 (Colbert et al. 2004) , and no attempts were made to differentiate these subjects by anthropometric measures. Thus, it came as a surprise that we only observed this phenomenon in peripherally adipose women, the reasons for which are presently not known. One might speculate that increased plasma levels of fat-derived IL6 in central and general obese women are too high to institute the abovementioned negative feedback loop.
Using molar hormone ratios, the preponderance of DHEA in relation to cortisol was evident. In addition, the molar ratio of plasma cortisol/plasma 17-OHP indicates that one part of this effect could be due to a change on the level of the CYP21A1P and CYP11B1 (Fig. 1A) . Since this pathway is stimulated by IL6 (Ehrhart-Bornstein et al. 1998), a long-term decrease of IL6 might shift the pathway predominance from cortisol to adrenal androgens. Interestingly, the CYP17A1 (ASD/17-OHP ratio) and the HSD3B1 (ASD/DHEA ratio) do not seem to be involved because these ratios were not associated with physical activity in all study groups. Only in peripheral adipose women, we suggest that long-term exercise can influence the CYP21A1P and CYP11B1 leading to increased androgens, which help to decrease IL6 so that these two enzymes are not further stimulated by IL6 (favorable circle). Peripheral adipose women, but not central or general obese women might have an optimum constellation where the favorable circle is maintained or switched on. Since IL6 Figure 5 (A) Correlation between the molar ratio of plasma cortisol/plasma DHEA and severity of aortic calcification. The line in the figure represents the linear regression line. In addition, the Spearman rank correlation coefficient and its P value are given. (B) Relation between physical activity and plasma interleukin (IL)6. Data are given as a black circle for every patient and as box plots with the 10th, 25th, 50th (median), 75th, and 90th percentile. The line in the figure represents the linear regression line. Different degrees of physical activity are defined in legend to Fig. 1 . If a significant relation existed, this is indicated by the Spearman rank correlation coefficient and its P value. In addition, the P value for the comparison of lean versus general obese women is given.
is an important factor for insulin resistance syndrome, atherosclerosis and related sequelae (Fernandez-Real & Ricart 2003) , exercise-induced reduction of IL6 in peripheral adipose women seems to confer a protective effect.
Importantly, in peripheral adipose women, the ratio of serum cortisol/serum DHEA was positively related to the severity of aortic calcification, which indicates that high androgen levels in relation to cortisol probably exerts a beneficial effect in this group. A similar positive correlation was not observed in lean, central adipose, and general adipose women. We do not know whether, or not, this effect is mediated through inhibition of IL6 secretion. However, since IL6 was found to be related to an increased severity of atherosclerosis, androgen-induced inhibition of IL6 secretion might be a relevant factor.
In conclusion, in peripheral adipose women, physical activity was related to increased plasma androgens and relatively lower plasma cortisol, which was accompanied by lower plasma levels of IL6 and less sever aortic calcification. This positive effect of long-term exercise was not observed in central and general obese women. Thus, particularly peripheral adipose women might profit from continuous moderate exercise leading to a decreased risk for insulin resistance syndrome and its negative sequelae. This study provides evidence for a possible new mechanism underlying this protective effect.
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